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(54) Wire bonding to copper 

(57) The specification describes techniques for wire 
bonding gold wires to copper metallization in semicon- 
ductor integrated circuits. A barrier layer is formed on 
the copper, and an aluminum bonding pad is formed on 



the barrier layer. Gold wire is then thermocompression 
bonded to the aluminum pad. 
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Description 

Fi Id of the Invention 

[0001] This invention relates to the manufacture of 5 
integrated circuits and more particularly to methods for 
bonding gold wire interconnections to copper metalliza- 
tion. 

Background of the Invention w 

[0002] In the evolution of semiconductor manufac- 
turing, one of the enduring technologies is wire bonding. 
Wire bonding was used to interconnect the earliest IC 
chips to lead frames to make single IC packages. As the 15 
chip technology developed, more complex packages 
with higher levels of chip integration, e.g. muttichip mod- 
ules, were required and the need arose for interconnect- 
ing these modules to each other and to support boards. 
TAB bonding and bump bonding evolved as efficient 20 
interconnect technologies for these packages, but wire 
bonding is still a cost competitive technology, and wire 
bonding applications remain in current IC manufacture. 
[0003] In the development of IC interconnect tech- 
nology, copper was identified early as a desirable candi- 25 
date for IC interconnections. Copper is highly 
conductive, is inexpensive, and the metallurgy of copper 
was well developed. However, early experience with 
copper as an interconnect material was poor. .Copper is 
electrolytically very active and causes migration prob- 30 
lems in semiconductors. In wire bonded packages, cop- 
per metallization cannot be used since it readily alloys 
with gold wire bonds and Cu-Au alloys are not robust. 
Because of the known problems with copper, aluminum, 
an inferior conductor, became the material of choice for 35 
IC metallization. Acceptance of aluminum metallization - 
became so entrenched that other options have 
remained in the background. 

[0004] IC technology has now advanced to the 
point where the conductivity of aluminum is becoming a 40 
limiting factor in IC design. This has caused process 
designers to revisit metallization material options. One 
that has re-emerged as promising is copper. However, 
integrating copper metallurgy into current IC processing 
raises newer versions of the old problems. One of these 45 
is wire bonding gold wires to copper metallization. 

Summary of the Invention 

[0005] We have developed a process for gold wire so 
bonding to copper metallization. It involves forming a 
barrier layer on the copper, and forming an aluminum 
pad on the barrier layer. Gold wire is then thermocom- 
pression bonded to the aluminum pad. 

55 

Brief Description of the Drawing 

[0006] Figs. 1-24 are schematic representations of 
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steps useful for implementing the process of the inven- 
tion. 

Detailed Description 

[0007] With reference to Fig. 1, a silicon substrate 
1 1 is shown partially cut away to indicate that is a por- 
tion of a much larger silicon wafer. It will be understood 
that these drawings are not to scale, and some features 
are shown exaggerated for convenience in this exposi- 
tion. The silicon substrate is covered with a first oxide 
layer 12. typically the field oxide, a metal interconnect 
level 13, and an interlevel dielectric layer 14. which is 
typically deposited oxide, or other suitable dielectric 
material. Low e organic materials, such as xerogel or 
aerogel, are also suitable and can be applied using 
spin-on techniques. These elements are. standard in sil- 
icon IC technology and form no part of the invention. 
The invention will be described using this basic struc- 
ture as a starting point, but it will be recognized by those 
skilled in the art that typical integrated circuits may have 
three or four metal levels. Metal level 13 should be taken 
as the next to last metal level, even.though other levels 
are typically present but not shown. 
[0008] With reference to Fig. 2. a photolithographic 
mask 16 is applied to the dielectric layer 14. and pat- 
terned to expose portions of the interlevel dielectric 
where interlevel interconnections are to be made. It will 
be understood that where photolithography or photo- 
masks are mentioned in this description, other litho- 
graphic processes, such as x-ray or e-beam lithography, 
can 1 be substituted. Using the photoresist as an etch 
mask, window 1 8 is formed through the interlevel dielec- 
tric, as shown in Fig. 3, for interlevel interconnection to 
metal runner 15. Next the interlevel window 18 is 
plugged by depositing a suitable window plug material 
over the dielectric and into the window. For example, a 
dual layer of e.g. TiN and tungsten, represented by lay- 
ers 21 and 22 in Fig. 4, can be used. The wafer is then 
treated by chemical mechanical polishing (CMP) to pro- 
duce the structure shown in Fig. 5. Techniques for CMP 
of TiN/W layers are described in U.S. Patent Application 
Serial No. 09/151.077. filed 09/10/98. The window is 
now plugged with metal plug 23. and the structure is 
ready for deposition of the next metallization layer As 
will be appreciated, removal of the unwanted metal by 
the CMP step of Fig. 5 results in a more planar structure 
than is produced using the more conventional mask and 
etch process, especially in cases where this sequence 
is repeated several times to form multiple metal levels. 
However, for the purposes of the invention, any suitable 
process for forming the interlevel interconnection can be 
used. 

[0009] Referring to Fig. 6, an etch stop layer 25 is 
then blanket deposited over the interlevel dielectric and 
interlevel windows as shown. A suitable etch stop layer 
is silicon nitride which withstands typical oxide etchant 
processes, e.g. RIE etch methods, and protects the 
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interlevei plug when forming. The thickness of the etch 
stop layer is typically 500-1500 Angstroms. 
[0010] With reference to Fig. 7. dielectric layer 31 is 
deposited over the structure, and masked with litho- 
graphic mask 32 as shown in Fig. 8. Mask 32 is pat- 
terned to provide opening 33 to form an opening over 
the tungsten plug 23. As indicated in Fig. 9. the exposed 
oxide is etched away, preferably using RIE, and the sili-> 
con nitride etch stop in window 33 is removed to leave 
the structure of Fig. 10. 

[0011] With reference to Fig. 11. a barrier layer 41 is 
blanket deposited over the surface of the structure and 
into the window as shown. This layer is the first step in 
defining the copper interconnection layer which, in the 
sequence described here, is the last, or the top, metal 
layer in the IC, and is the layer to which wire bonds are 
to be made. Other copper metallization levels may also 
be present in the structure, but the invention pertains to 
the last metal level to which interconnection is made by 
wire bonding. The preferred material for barrier layer 41 
is Ta, TaN, Ti. or TiN, although other materials may be 
used. The barrier layer can be deposited by chemical 
vapor deposition (CVD) or physical vapor deposition 
(PVD). A 100-1000 Angstrom layer is suitable. 
[0012] With reference to Fig. 12, a copper strike 
layer 42 is then blanket deposited by PVD. The thick- 
ness of the copper strike layer may be just sufficient to 
provide a seed layer over the surface for blanket electro- 
lytic deposition, e.g. 1000-2000 Angstroms. The copper 
seed layer 42 enables electrolytic deposition, by stand- 
ard techniques, of copper layer 43. The thickness of 
layer 43 should be sufficient to completely plug the 
opening 33 (Fig. 12) as shown in Fig. 13, and is prefer- 
ably 1.2-1.6 times the height of the opening. Next, the 
surface is planarized using CMP in the manner 
described before, to produce the structure shown in Fig. 
14 with copper plug 44 surrounded on the sides and 
bottom by barrier layer 45. 

[0013] To encapsulate the top of copper plug 44, a 
second barrier layer 51 is blanket deposited over the 
structure as shown in. Fig. 15. This barrier layer has 
essentially the same prescription as barrier layer 41 and 
ensures that all sides of the copper metallization layer 
are sealed to prevent copper migration in the IC. 
[0014] Wire bond contact is then made to the cop- 
per metallization layer as shown in Figs. 16-20. With ref- 
erence to Fig. 16, the thin barrier layer 51 is covered 
with a thick layer of aluminum 52. The aluminum layer 
52 may be deposited by CVD or PVD and has a thick- 
ness preferably in the range 0.2-1 .0 um. 
[0015] A lithographic mask 53 is then applied to 
etch layers 51 and 52 to define the aluminum bonding 
pad. as shown in Fig. 17, and the unwanted portions of 
these layers are etches away using conventional tech- 
niques to produce the bonding pad 56, separated from 
the copper plug by barrier layer 55 as shown in Fig. 18. 
Typically there will be many bonding pads 56 on this 
level. With reference to Fig. 19, a conventional passtvat- 



ing layer 58 is then applied to cap the IC. The capping 
layer may be Si 3 N 4 (SINCAPS) or may be a polymer 
such as polyimide. Preferably the capping layer is pho- 
todefinable polyimide. The capping layer 58 is then pat- 
5 terned, if photodefinable, or masked and etched to form 
window 59 and expose the surface of aluminum bond 
pad 56, as shown in Fig. 19. Standard photoresist and 
etching techniques can be used to pattern silicon 
nitride. If layer 58 is photodefinable polymer, the pho- 
to toresist can be omitted and the layer itself patterned by 
exposure and development. 

[0016] Referring to Fig. 20, wire 61 is bonded to the 
aluminum pad 56 by thermocompression (TC) bonding. 
The wire is preferably gold, or a gold alloy with small 

15 amounts of metal additives, such as Au-Be t for harden- 
ing etc. The diameter of the wire is typically 0.5-2 mils, 
and preferably 1-1.2 mils. The area of the aluminum 
bond pads is typically in the range 1000-40000 u.m 2 and 
preferably 5000-25000 um 2 . The TC bonding operation 

20 is standard. The force may be 15-60 grams, preferably 
40-60 grams. The ultrasonic frequency is in the range 
40-200 kHz, preferably 60-120 kHz. and the power in 
the range 20-200 mW, preferably 50-100 mW. These 
parameters are suitable for a variety of bonding tools 

25 including, e.g. K & S wire bonders. 

[0017] An alternative.approach to the last few steps 
of the process described above is shown in Figs. 21- 
24. Starting with the structure of Fig. 14. the cap layer 
72 is applied prior to the aluminum bonding pad layer. In 

30 Fig. 21 . window 71 is shown in cap layer 72. Window 71 
exposes the copper metallization 44. Barrier layer 73 
and aluminum layer 74 are blanket deposited over the 
cap layer 72, as shown in Fig. 22 and into the window to 
contact the copper metallization layer. Aluminum layer 

35 74 is then masked with mask 76, as shown in Fig. 22. 
and layers 74 and then 73 are etched to form aluminum 
bond pad 77 in Fig. 23. Referring to Fig. 24, the mask is 
removed and the gold TC wire bond 78 applied to com- 
plete the interconnection. 

40 [0018] In the embodiments of. the invention 
described above the last metal pattern is copper, and 
the barrier layers as described are intended to isolate 
the copper and prevent migration into regions of differ- 
ent metallurgy below. However, if the underlying levels 

45 are also comprise copper metallization the last level, the 
level shown in the Figures, need not have the barriers 
shown between metallization levels. It is still important 
in any case that an effective barrier be present between 
the last copper bonding region and the aluminum wire 

so bonding pad. 

[0019] The processes described above were devel- 
oped for silicon CMOS integrated circuits but can apply 
equally to other kinds of semiconductor integrated cir- 
cuits such as lll-V photonic integrated circuits. These 

55 integrated circuits typically have GaAs or InP substrates 
and multilevels of lll-V ternary and/or quaternary layers 
forming the active devices. However, the interconnec- 
tions can in some applications be similar to those used 
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in silicon IC technology. These circuits also typically 
operate at very high speeds where copper metallization 
is distinctly advantageous. 

[0020] Most silicon integrated circuits manufactured 6. 
today have polysilicon gates for the transistor devices, 5 
and the first level metal is typically polysilicon to form 
the gates and form interconnections for those gates. 
The metal interconnect levels formed after the first level 
are usually aluminum, and one to three aluminum levels 
are typical. Of these one or more, will be substituted 10 
with copper according to the teachings described 
above. At least one of the copper levels has wire bond- 
ing sites which are converted to aluminum bonding sites 
according to the invention. Reference to a first metalli- 
zation level or a second metallization level should be 15 
understood to refer to the first or second levels recited, 
hot necessarily to the first or second levels in the IC 
structure. 

[0021] Various additional modifications of this 
invention will occur to those skilled in the art. All devia- 20 
tions from the specific teachings of this specification 
that basically rely on the principles and their equivalents 
through which the art has been advanced are properly 
considered within the scope of the invention as 
described and claimed. 25 

Claims 

1. A method for the manufacture of semiconductor 
integrated circuits wherein the top interconnection 30 
level comprises copper, the method comprising: 

(a) depositing a barrier layer on selected por- 7. 
tions of said top interconnection level, said bar- 
rier layer being of a material selected from the 35 
group consisting of Ta. TaN, Ti, TiN, and com- 
binations thereof, 

(b) depositing an aluminum layer on said bar- 8. 
rier layer, and 

(c) bonding a conductive wire interconnection 40 
to said aluminum layer. 

2. The method of claim 1 wherein the semiconductor 
of said semiconductor integrated circuit is silicon. 

45 

3. The method of claim 2 wherein said wire comprises 
gold and is bonded using thermocompression 
bonding. 

4. The method of claim 1 comprising the additional so 
steps, prior to step (a), of depositing a capping layer 

on said top interconnection level, forming windows 
in said capping layer, and proceeding with steps (a) 
through (c). 

55 

5. The method of claim 1 comprising the additional 
steps, prior to step (c) of depositing a capping layer 
on said top interconnection level, forming windows 
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ii 

in said capping layer to expose portions of said alu- 
minum layer, and proceeding with step (c). 

A method for the manufacture of semiconductor 
integrated circuits comprising the steps of: 

(a) forming a copper interconnection layer on a 
semiconductor substrate, 

(b) depositing a dielectric layer on said copper 
interconnection layer, 

(c) forming a plurality of openings in said die- 
lectric layer to leave exposed portions of said 
copper interconnection layer, 

(d) depositing a barrier layer on said dielectric 
layer and on said exposed portions of said cop- 
per interconnection layer, 

(e) depositing an aluminum layer on said bar- 
rier layer, 

(f) etching away selected portions of said bar- 
rier layer and said aluminum layer to leave a 
barrier layer pad and an aluminum layer pad on 
said exposed portion of second conductive 
interconnection layer, 

(g) thermocompression bonding a conductive 
wire to said aluminum pad. 

The method of claim 6 wherein said barrier layer 
comprises a material selected from the group con- 
sisting of Ta, TaN. Ti, TiN, and combinations 
thereof. 

A method for the manufacture of semiconductor 
integrated circuits comprising the steps of: 

(a) forming a first conductive interconnection 
layer on a semiconductor substrate, said first 
conductive interconnection layer having a first 
interconnection pattern, 

(b) depositing a first dielectric layer on said first 
conductive interconnection layer, 

(c) forming at least one interlevel opening in 
said first dielectric layer to expose a portion of 
said first conductive interconnection layer, 

(d) depositing a first barrier layer on said first 
dielectric layer, and into said interlevel opening, 

(e) electroplating a copper layer on said first 
barrier layer, said copper layer having a thick- 
ness sufficient to fill said interlevel opening, 



7 EP 1 022 776 A2 

(f) removing portions of said first barrier layer 
and said copper layer, leaving a barrier layer 
and a copper plug filling said interlevel open- 
ing. 

5 

(e) depositing a barrier layer on said first die- 
lectric layer and on said copper plug, 

(f) depositing an aluminum layer on said barrier 
layer, 10 

(g) etching away selected portions of said bar- 
rier layer and said aluminum layer to leave a 
barrier layer pad and an aluminum layer pad on 
said copper plug, and *5 

(h) thermocompression bonding a conductive 
wire to said aluminum pad. 

9. The method of claim 8 wherein said barrier layers 20 
comprise a material selected from the group con- 
sisting of Ta, TaN, Ti, TiN, and combinations 
thereof. 

10. A method for the manufacture of semiconductor 25 
integrated circuits comprising the steps of: 

(a) forming a copper interconnection layer on a 
semiconductor substrate, 

30 

(b) forming a barrier layer on selected portions 
of said copper interconnection layer, 

(c) forming an aluminum layer on said barrier 
layer, 35 

(d) depositing an insulating capping layer over 
said semiconductor substrate, 

(e) removing selected portions of said insulat- 40 
ing capping layer to expose portions of said 
aluminum layer, and 

(f) thermocompression bonding a conductive 
wire to said aluminum pad. -*5 

11. The method of claim 10 wherein said barrier layer 
comprises a material selected from the group con- 
sisting of Ta, TaN, Ti, TiN, and combinations 
thereof. 50 
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FIG. 1 
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FIG. 4 
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FIG. 7 
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FIG. 10 




9 



EP 1 022 776 A2 



FIG. 13 ^ 
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FIG. 16 
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FIG. 19 
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(54) Wire bonding to copper 

(57) The specification describes techniques for wire 
bonding gold wires (78) to copper metallization (44) in 
semiconductor integrated circuits. A barrier layer (73) is 
formed on the copper, and an aluminum bonding pad 



(77) is formed on the barrier layer. Gold wire is then 
thermocompression bonded to the aluminum pad. 




LU 



Printed by Xerox (UK) Business Services 
2 J 6.7 (HRSy3.6 



EP 1 022 776 A3 



Eur pean Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 00 30 0208 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Y 
A 
A 



Citation of document with indication, where appropriate, 
of relevant passages 



EP 0 851 483 A (APPLIE0 MATERIALS INC) 

1 July 1998 (1998-07-01) 

* claims 1-3,11; figure 2F * 



US 5 661 081 A (HSUE CHEN-CHIU 
26 August 1997 (1997-08-26) 
* claims 1,14 * 

US 5 172 212 A (BABA ISA0) 
15 December 1992 (1992-12-15) 



ET AL) 



The present search report has been drawn up for all claims 



Relevant 
to claim 



2.3 



Place ct saarcn 



THE HAGUE 



Daia ot completion ©I in* search 

28 June 2000 



CLASSIFICATION OF THE 
APPLICATION (lntCI.7) 



H01L21/603 



TECHNICAL FIELDS 
SEARCHED (lntCL7) 



H01L 



E«*mtn*f 

De Raeve, R 



CATEGORY OF CITED OOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non -written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on. or 

after the filing date 
D : document cited in the application 
L : document cited (or other reasons 



& : member of the same patent family, corresponding 
document 



2 



EP 1 022 776 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPUCATION NO. EP 00 30 0208 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

28-06-2000 



Patent document 
cited in search report 


Publication 
date 


Patent family 
. member(s) 


Publication 
date 


EP 0851483 


A 


01-07-1998 


JP 

SG 


10247650 
65719 


A 
A 


14-09-1998 
22-06-1999 


US 5661081 


A 


26-08-1997 


US 


5734200 


A 


31-03-1998 


US 5172212 


A 


15-12-1992 


OP 
JP 


2563652 
4074432 


1 00 < 


11-12-1996 
09-03-1992 



£ For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



3 



THIS PAGE BLANK (uspto> 



